Abstract Multiple adjuvant regimens are used for HER2? breast cancer, but experience in routine practice is not reported. We evaluated whether oncologists' perceptions of these regimens matches clinical experience. We surveyed Wisconsin medical oncologists throughout the state regarding factors impacting selection of TCH (docetaxel, carboplatin, and trastuzumab) or anthracycline-based therapy. We also reviewed 200 cases of HER2? breast cancer treated at the University of Wisconsin and the Marshfield Clinic and collected data on patient and tumor characteristics, chemotherapy regimen, and toxicities. Twothirds of surveyed oncologists prefer anthracycline-based therapy, particularly for node-positive cancers. However, TCH was preferred for early-stage (T1a-bN0) tumors. Half of oncologists use prophylactic G-CSF with TCH. In the 200 cases reviewed at our centers, acute toxicity occurred more frequently with TCH. There were fewer dose modifications or delays for AC-TH (doxorubicin, cyclophosphamide, paclitaxel, and trastuzumab) than TCH (31% vs. 47%, P = 0.07), possibly due to higher use of prophylactic G-CSF with AC-TH (77% vs. 34% with TCH, P \ 0.001). Fifteen patients received prophylactic G-CSF during TCH; none developed neutropenic fever. In contrast, 25% developed neutropenic fever during TCH without G-CSF. There were modest declines in median left ventricular ejection fraction reaching 9% with AC-TH and 3% with TCH at 12 months, but early cessation of trastuzumab was similar for both regimens. We conclude that TCH and AC-TH are common adjuvant regimens used for HER2? breast cancer. The preference of TCH for early-stage disease and anthracycline-based therapy for node-positive disease suggests that many oncologists perceive that TCH is safer and AC-TH more effective. Myelosuppression from TCH is greater than AC-TH, but can be mitigated with routine G-CSF.
Introduction
Landmark clinical trials have established chemotherapy plus trastuzumab as the standard adjuvant therapy for human epidermal growth factor 2 positive (HER2?) breast cancer [1] [2] [3] [4] . A commonly used regimen is doxorubicin with cyclophosphamide followed by paclitaxel and trastuzumab (AC-TH) [2] . Congestive heart failure is an overlapping risk of trastuzumab and doxorubicin, an anthracycline, and clinically significant heart failure occurs in 2-4% of patients treated with AC-TH [5] [6] [7] . To reduce this risk, a non-anthracycline regimen was developed combining docetaxel, carboplatin, and trastuzumab (TCH) [3, 8] . Compared with a non-trastuzumab regimen, disease-free survival is improved with TCH and with AC-DH, a regimen like AC-TH with docetaxel 100 mg/m 2 every 3 weeks in place of paclitaxel. AC-DH is numerically superior to TCH in disease-free survival and overall survival, albeit with a 2% risk of grade 3/4 heart failure versus 0.4% with TCH [3] . Differences in dose, schedule, and drugs among anthracycline arms of the large phase III trials and shifting standards of care towards dose-dense chemotherapy have led to considerable debate about optimal adjuvant therapy, and whether anthracyclines should be used [9, 10] . Moreover, the major focus on cardiotoxicity has obscured differences in other toxicities between TCH and AC-TH, such as myelosuppression. Although there may be significant regional variations in preference for TCH or AC-TH, both are used in Wisconsin.
We hypothesized that oncologists base adjuvant recommendations on factors such as toxicity, convenience, and perceived effectiveness. We anticipated that the toxicity profile in routine practice differs from phase III trials due to expanded populations, alterations in schedule, and adoption of new supportive medications. Both AC-TH and TCH are widely used in routine practice in Wisconsin, which allows us to capture differences in oncologist opinion and observed toxicities. In this article, we determine how Wisconsin oncologists select adjuvant therapy for HER2-positive breast cancer and evaluate toxicity in patients treated in routine practice.
Methods
In Part 1 of this study, we surveyed Wisconsin oncologists regarding how they select adjuvant therapy for HER2? breast cancer. In Part 2, we evaluated toxicity in unselected patients seen in routine practice.
Part 1: Survey of oncologists

Population
We identified 151 Wisconsin medical oncologists through: (1) the ASCO directory for oncologists who self-reported interest in breast cancer or general oncology, (2) the membership directory of the Wisconsin Oncology Network, and (3) updated websites of practices identified in (1) and (2).
Study design
We hypothesized that oncologists' use of TCH or anthracycline-based therapy was based on training, experience, and perceptions about efficacy and toxicity. To test this, we invited oncologists to participate in an anonymous 12-question web survey (see Appendix in Supplementary material). The survey was reviewed by the University of Wisconsin (UW) IRB and was considered exempt (IRB# 2010-0425). The survey was administered anonymously via the UW Carbone Cancer Center Survey Shared Service.
Part 2: Retrospective chart review
Population
The cancer registries at UW Hospital and Clinics and at Marshfield Clinic were used to identify women with Stage I-III breast cancer treated with adjuvant or neoadjuvant trastuzumab from 2003 to 2010. The UW Madison is a tertiary care facility and NCI-designated Comprehensive Cancer Center in south-central Wisconsin. The Marshfield Clinic is a multi-site multi-specialty clinic system providing care to central, western, and northern Wisconsin. To be considered, chemotherapy had to be discontinued or completed before collection of toxicity data (11/15/2010 at UW and 1/1/2011 at Marshfield Clinic). Charts for 200 patients met these criteria.
Study design
We performed a retrospective chart review of electronic medical records to obtain age, medical history (cardiac disease, hypertension, hyperlipidemia, diabetes, and chronic kidney disease), tumor characteristics (size, number of nodes positive/collected, estrogen receptor and progesterone receptor status, and cancer stage), therapy (dates of treatment, regimen, delays/modifications, and use of growth factor), and toxicities [left ventricular ejection fraction (LVEF), maximum creatinine level, and minimum value for hemoglobin and platelets during chemotherapy]. For analysis, grade 3 or 4 anemia (hemoglobin \8 g/dl) or thrombocytopenia (platelets\50,000/ll) were documented. Acute kidney injury was defined as change in creatinine level from a normal baseline to above 1.5 mg/dl. This project was approved by the UW IRB as a minimal risk study (IRB# 2010-0346) , and accepted by the Marshfield Clinic IRB as a Wisconsin IRB Consortium project.
Study analysis
Subjects were categorized into cohorts by the first regimen received, and were analyzed regardless of completion of planned therapy. Categories were TCH, AC-TH, and 'Other.' The AC-TH cohort was defined as AC followed by paclitaxel with sequential or concurrent trastuzumab, regardless of dose/schedule. AC-DH was uncommon (7 patients) and was categorized as 'other' due to potential differences between docetaxel and paclitaxel. To evaluate cardiac function, LVEF values were grouped by time from treatment initiation and evaluated as median and quartiles for baseline LVEF, and for change from baseline at other time points. We excluded subjects for which baseline LVEF were not available, although this was available for most patients, including 96 who received AC-TH and 43 who received TCH.
Statistical analysis (Part 1 and 2)
Comparison between TCH and AC-TH (chart review) were made using Fisher's exact test. P values less than 0.05 were considered statistically significant. No adjustment was made for multiple comparisons.
Results
Part 1: Survey of oncologists
We first determined how oncologists select treatment for HER2? breast cancer. 151 oncologists were invited to participate and 65 (42%) responded. Among respondents, the anthracycline-based and TCH regimens were perceived as equally likely to be completed (13 responded anthracycline-based, 13 TCH, 37 equal, two did not respond). For healthy women with HER2? breast cancer, 64% of oncologists preferred anthracycline-based regimens, and 36% preferred TCH. Interestingly, there was a correlation between time in practice and regimen preference. For example, of oncologists who prefer TCH, 87% reported being in clinical practice over 10 years. In contrast, only 46% of oncologists that preferred anthracycline-based regimens were in practice for over 10 years. Prior experience with cardiotoxicity may be influential as 36% of respondents reported experience with symptomatic heart failure from anthracyclines. Thus, clinical experience and recent training correlate with treatment selection.
To determine influences for TCH versus anthracyclinebased preference, we asked oncologists to rate the importance of several factors (Fig. 1 ). Several differed from our expectations: first, publication in a peer-reviewed journal was cited as the most important criterion, although BCIRG 006 had not been published as of the survey date. Second, fewer than 20% of oncologists thought early initiation and completion of trastuzumab were 'very important.' Finally, we anticipated that a pharmaceutical industry-sponsored trial might be viewed as potentially more biased than a study funded by the National Cancer Institute. However, study sponsor was cited by oncologists as the least important factor used to select therapy. As expected, efficacy and cardiotoxicity were cited as key criteria that oncologists use to select treatment. To determine how these criteria determine treatment recommendations for individual patients, we asked physicians to recommend treatment for healthy premenopausal women with HER2? cancers of progressive stages (Fig. 2) . Treatment of small HER2? tumors with trastuzumab-based regimens is controversial but is supported by the risk of recurrence of these tumors, retrospective outcome data, and eligibility for BCIRG 006 if an additional high risk feature is present [3, [11] [12] [13] . As expected, adjuvant recommendations were varied. For node-negative tumors \6 mm, most oncologists recommended no chemotherapy, but when treatment was recommended, anthracycline-sparing regimens such as TCH and trastuzumab alone were preferred. For these T1aN0 tumors, oncologists who prefer TCH recommend chemotherapy twice as often as physicians who favor anthracycline-based therapy (41% vs. 20%). Adjuvant chemotherapy was recommended for T1bN0 HER2? tumors by most oncologists, with TCH as the preferred regimen (Fig. 2) . Nevertheless, variation in clinical recommendations reflects the uncertainty about whether adjuvant treatment improves outcome for patients with node-negative tumors measuring 1-10 mm [12, 13] .
Treatment recommendations were strikingly different for healthy women with more advanced HER2? cancers (Fig. 2) . For node-positive cancers, anthracycline-based treatments were preferred by a majority of oncologists, including many who selected TCH for node-negative cancers. These data imply that oncologists are willing to accept elevated cardiotoxicity of anthracyclines when efficacy is of paramount concern.
We next sought to determine how oncologists support patients during adjuvant chemotherapy. Routine G-CSF was not used with anthracycline-based therapies for HER2? breast cancer in large randomized trials [1, 2] . However, the concept of dose density has lead to widespread adoption of G-CSF with anthracycline-based therapies based on improved efficacy without trastuzumab and safety with trastuzumab [14] [15] [16] . We found that most oncologists use G-CSF with Cycle 1 of therapy, but this is more common with AC-TH (77%) than with TCH (53%).
Part 2: retrospective chart review-patient characteristics
To evaluate toxicities of TCH and AC-TH in routine practice, we reviewed charts of patients who received trastuzumab-based therapy. We expected that toxicity in routine practice may differ from those reported in prospective studies because of differences in patient population, regimen modifications, and adoption of new supportive care medicines. We identified 200 patients treated at the University of Wisconsin and Marshfield Clinics between 2003 and 2010 (Table 1) . Over this period, 47 patients received TCH, 114 received AC-TH, and the remainder received another trastuzumab-containing treatment.
The TCH and AC-TH cohorts were balanced with respect to timing of treatment, hormone receptor status, and age (Table 1) . Consistent with the oncologist survey, TCH use was common for Stage I cancers. Moreover, TCH was commonly used for patients with a history of coronary artery disease, congestive heart failure, or cardiac rhythm disturbance-patients who would have been ineligible for adjuvant HER2 trials [1] [2] [3] . Interestingly, a wide number of schedules for chemotherapy were utilized and most differed from that used in the phase III trials of trastuzumab ( Table 2 ). The most common regimen/schedule included dose-dense AC (every 2 weeks) with G-CSF support. Paclitaxel was commonly delivered after AC, on a weekly or every 2-week schedule. Non-anthracycline, non-TCH regimens such as trastuzumab alone or CMF plus trastuzumab were chosen for 9 patients, of whom 5 had Stage I disease, and 5 were at least 70 years of age.
Toxicity
We next sought to evaluate toxicities in the AC-TH and TCH cohorts (Table 3 ). In the AC-TH cohort, there was a 31% rate of chemotherapy delays and dose modifications compared with 47% with TCH. Strikingly, myelosuppression was greater with TCH and represented the most common cause of hospitalizations and delays or modification in treatment. Of the 10 patients hospitalized with TCH, 8 were admitted for neutropenic fever, 1 for bacteremia, and 1 with hypotension and neutropenia without fever. In addition, one patient was not hospitalized, but died during TCH treatment from a bowel obstruction thought to be unrelated to breast cancer or its treatment. There were no other deaths during treatment among the reviewed patients. There was significantly lower rate of febrile neutropenia with AC-TH (4% vs. 17% with TCH).
Prophylactic G-CSF had a major impact on febrile neutropenia with TCH. When prophylactic G-CSF was not used, TCH was associated with a 25% rate of febrile neutropenia. In contrast, there was no febrile neutropenia among 16 patients who received TCH with G-CSF. This toxicity is not associated with age or comorbid conditions; half the neutropenic fevers occurred in otherwise healthy women under age 50. The lower, 4% rate of neutropenic fever with AC-TH may be attributed in part to use of G-CSF in 77% of patients treated with this regimen. However, TCH also resulted in a significantly higher rate of grade 3/4 anemia and thrombocytopenia compared with AC-TH (Table 3) . Together, these data demonstrate that TCH is more myelosuppressive than AC-TH even among young patients, but febrile neutropenia can be mitigated by adopting routine G-CSF when TCH is selected. We hypothesized that TCH may be more nephrotoxic than AC-TH, due to inclusion of carboplatin. Indeed, 11% of patients treated with TCH had acute kidney injury versus 2% patients treated with AC-TH (P = 0.023; Table 3 ). However, all had spontaneous recovery of elevated creatinine conservative management including intravenous and oral fluids. In addition, there were occasional but rare electrolyte disturbances associated with TCH (not shown). Overall, these data demonstrate that TCH is more likely to result in transient nephrotoxicity of unclear clinical significance.
Timing and completion of trastuzumab
In our data set, trastuzumab was given concurrently with chemotherapy in 73.5% of all patients, and in 76% of the AC-TH cohort, overlapping with paclitaxel. We found that the standard dose and schedule of trastuzumab was commonly modified in routine practice. Most patients received 6 mg/kg every 3 weeks rather than 2 mg/kg weekly based on safety, efficacy, and pharmacologic analysis showing long half-life [17] . We found that the 3-week schedule of trastuzumab was also adopted during chemotherapy in 73% of patients who received TCH. In women receiving AC-TH, there was even more variation in the trastuzumab schedule, with 47% weekly, 11% every 2 weeks, and 18% every 3 weeks. Upon completion of chemotherapy, trastuzumab was most commonly given every 3 weeks. We did not find differences of toxicity by trastuzumab dose or schedule.
A total of 15% of patients in our chart review discontinued trastuzumab before the planned 1 year of therapy. 11% of all patients stopped due to cardiac causes, including 8.7% of women receiving TCH and 8.3% who received AC-TH. Of these women who stopped early due to cardiac causes, 9 of 12 women receiving ACTH stopped before 6 months of therapy in comparison to only 1 of 4 women in the TCH group. Eight women stopped trastuzumab for other reasons, including three with AC-TH (after 1, 10, and 11 months of trastuzumab) and two with TCH (after 8, 10 months). In addition, there were 25 women who had therapy held, but ultimately completed trastuzumab as planned. The most common reason for holding trastuzumab was LVEF decline. Other delays and cessation of therapy were due to a host of reasons including procedures, myelosuppression, arthralgias, rash, infections, rheumatologic conditions, poor general health, kidney or electrolyte abnormalities, and patient preference.
Cardiotoxicity
Heart failure has been extensively scrutinized for HER2? adjuvant therapies in large randomized trials of highly selected patients [1] [2] [3] [5] [6] [7] . We evaluated LVEF values collected for unselected patients in our study (Fig. 3) . Although there was no difference in trastuzumab discontinuation between AC-TH and TCH cohorts, we did observe differences in mean change in LVEF from baseline. Pretreatment LVEF values were similar for both regimens. However, the median LVEF decline reached 9% for AC-TH at 12 months from chemotherapy initiation, versus 3% for TCH at a similar time-point. We were not able to retrospectively determine grade 3/4 congestive heart failure. Our LVEF data concur with the differences in asymptomatic decline in LVEF previously reported for anthracycline-and non-anthracycline regimens [1] [2] [3] . The TCH Taxotere ? carboplatin ? trastuzumab; AC-TH adriamycin ? cyclophosphamide followed by paclitaxel and trastuzumab; Hgb hemoglobin; G-CSF granulocyte-colony stimulating factor a P value for difference between TCH and AC-TH by Fisher's exact test b Hemoglobin and platelet values were missing in 9 patients, including 4 who received AC-TH and 1 who received TCH c G-CSF with first cycle; these data were available for all but one patient who received AC followed by trastuzumab clinical significance of asymptomatic declines in LVEF is unknown [7] .
Discussion
Our survey provides new insight into the implementation of adjuvant therapies for HER2? breast cancer. This survey captured a spectrum of treatment preference, ranging from oncologists who exclusively select TCH to those who use only anthracycline-based therapies. However, we also identified that a large number of oncologists take a more nuanced approach when selecting regimens, using TCH for small node-negative tumors and AC-TH for advancedstage tumors where the additional risk of cardiotoxicity is overshadowed by risk of cancer recurrence. Moreover, we found the dose/schedule and duration of trastuzumab is frequently altered for a myriad of reasons. To the best of our knowledge, randomized studies are not planned to determine which of these treatment approaches are optimal, making analysis of patient outcomes important for optimizing current care. As expected, cardiotoxicity is a major concern among oncologists. Cardiotoxicity of trastuzumab-based therapies has been extensively scrutinized [3, 5-7, 15, 16, 18] . Although cardiotoxicity is important, our study signals a note of caution regarding the importance of other toxicities. In particular, acute myelosuppression is more common with TCH compared with AC-TH, resulting in higher rates of febrile neutropenia, anemia, thrombocytopenia, and consequent hospitalizations. We conclude that, in addition to cardiotoxicity, myelosuppression should be considered when selecting TCH versus AC-TH.
The perception among the surveyed oncologists is that TCH and anthracycline-based regimens are equally likely to be completed without delay or modification. In practice, however, we found a higher rate of dose delays and modifications with TCH than AC-TH. The major toxicity was myelosuppression and neutropenic fever with 25% risk without prophylactic G-CSF. This result seems dissonant with phase III results, where TCH is reported to have a 66% risk of grade 3/4 neutropenia, but only an 9.6% rate of febrile neutropenia [3] . It is unlikely that our population was at greater risk of myelosuppression, since half of hospitalizations were in healthy women \50-years old. However, we note that Slamon et al. [3] reported that G-CSF use was left to the discretion of the treating oncologist, but does not specify how often this was used. Moreover, these investigators report an additional 11.2% risk of grade 3/4 neutropenic infection with TCH. Using Common Terminology Criteria for Adverse Events version 2.0, neutropenic fever and neutropenic infection categories are distinguished by whether an infectious organism was identified, so total rate of neutropenic fever plus infection is 20.8% in BCIRG 006, despite use of G-CSF in some patients. Interestingly, more than half of Wisconsin oncologists who were surveyed report using prophylactic G-CSF with TCH, suggesting that oncologists recognize this toxicity through individual experience. Based on the rates of neutropenic fever/infection and current guidelines [19] , we conclude that prophylactic G-CSF should be used routinely with TCH.
These findings demonstrate the importance of clear reporting for GCSF use in large phase III trials of adjuvant therapy. Previously, US Oncology 9735 reported a 5% rate of febrile neutropenia with docetaxel and cyclophosphamide, without specifying rate of G-CSF use. However, two observational studies reported rates of 33-50% with this regimen when G-CSF was not used [20, 21] . Similarly, we report an unexpectedly high rate of febrile neutropenia with TCH. We conclude that phase III studies of chemotherapy regimens should carefully record and report G-CSF use among subjects, to allow oncologists to assess myelosuppression and to safely apply results to patients.
We anticipate possible increases in myelosuppression due to TCH with implementation of isotope dilution mass spectrometry (IDMS) for measurement of creatinine. IDMS has recently been adopted as a calibrated measure for creatinine, with values that are typically lower than what was determined previously by individual laboratories [22] . With TCH, carboplatin is dosed using AUC 6 [3] , typically calculated Creatinine Clearance using the Calvert formula [23] . Both UW and Marshfield implemented the IDMS measurements after all patients reported here were treated. If IDMS was used, most patients would have received higher doses of carboplatin, making the likelihood of neutropenic fever and myelosuppression even higher than we report here.
When implemented in routine practice, HER2? regimens are commonly modified from the schedules used in phase III trials. Both the NSABP trial B-31 and the NCCTG trial N9831 gave AC every 3 weeks [2] , yet in our study, AC was most commonly given in a dose-dense fashion, every 2 weeks, followed by paclitaxel. Although this schedule differs from phase III studies, dose-dense AC is not associated with an increase risk of clinical cardiotoxicity or LVEF decline at 6 months, even when combined with HER2-targeted therapy [15, 16] . We found that oncologists also routinely modify TCH schedule to use trastuzumab every 3 weeks; we did not observe unexpected toxicity associated with this modification. Strengths of this study include a high rate of response among surveyed physicians and the inclusion of a population of patients seen in routine practice. Moreover, the variations in clinical practice in this study allowed correlation of interventions and toxicity (e.g., G-CSF and febrile neutropenia). Finally, AC-TH and TCH cohorts are well matched for factors other than tumor stage. A major limitation of the chart review is that it is retrospective with limited objective endpoints, non-randomized and limited to two regional oncology centers. Despite the limitations, retrospective analysis can provide important guidance for selecting treatment and supportive care given the lack of planned prospective studies to evaluate these questions.
In conclusion, this study demonstrates wide variation in perception and practice among oncologists who select therapy for HER2? breast cancer. We conclude that a major focus on cardiotoxicity has obscured other differences between anthracycline-and non-anthracycline-based treatments, even though all toxicities should be considered when selecting a cancer treatment regimen. In particular, we find that myelosuppression with TCH is more severe than with AC-TH and meets guidelines for routine use of G-CSF.
